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included. Lists of persons and organizations involved in the 
guideline preparation are appended. (AL) 



?cr T/e js 



U.S. DEPARTMENT OF HEALTH, 
EDUCATION & WELFARE 
OFFICE OF EDUCATION 
THIS DOCUMENT HAS BEEN REPRO- 
DUCED EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORIG- 
INATING IT. POINTS OF VIEW OR OPIN- 
IONS STATED 00 NOT NECESSARILY 
REPRESENT OFFICIAL OFFICE OF EDU- 
CATION POSITION OR POLICY. 



GUIDELINES AND STANDARDS 



\ 



■ 

4f 

, i '• 



I,;4I 

I 



,J 

riS’? 

;■> 

. 

■'Svi 



4 






4 - 



. 

• . 



\ 



S 



- 



American Association for thg Advancement of Science and • ' 

National Association of- State^Directors of Teacher Education and Certification ’ 



:• y* 

♦' -T 



• V/; 






r.V 






■\Vv 



„ O 

me 




.-•,w 

■m 



1 



- ’ - ; ■ w;:'-"’- 

©44 




ED052-988 









Recommendations of the Project on the 

Education of Secondary School Teachers 
of Science and Mathematics 

sponsored by the 

AAAS Commission on Science Education 
and the 

National Association of State Directors of 
Teacher Education and Certification 

and supported by the 

National Science Foundation 



AAAS Miscellaneous Publication 71-9 



American Association for the Advancement of Science 
.1515 Massachusetts Avenue, N.W. 
Washington, D.C. 20005 



2 



CONTENTS 



Foreword 
Introduction — 1 
To Whom Is the Report Addressed? — 1 

The Organization of the Recommendations —3 

Liberal Education — 4 
Guideline I. Humaneness — 5 
Guideline II. Societal Issues — 7 
Guideline III. Nature of Science and Mathematics — 10 
Guideline IV. Science Competencies — 13 
Guideline V. Mathematics for Science Teachers — 19 
Guideline VI. Basic Mathematics Competencies — 21 
Guideline VII. Algorithms and Computing — 26 
Guideline VIII. Modeling in Science and Mathematics — 28 
Guideline IX. Communication of Science and Mathematics — 32 

Guideline X. Learning Conditions — 34 
Guideline XI. Materials and Strategies — 36 
Guideline XII. Continuous Learning — 40 
Standard. 1. Responsibility — 42 
Standard 2. Teachers as Models — 44 
Standard 3. Performance Criteria — 46 
Standard 4. Recruitment and Retention — 48 

Epilogue — 51 
Appendix A. Implementation — 52 

Appendix B. Unified Science Model and Related Science 

Teacher Competencies —55 

Appendix C. Selected Examples of the Aspects of Models 

Listed in Table 2. — 61 

Appendix D. The Junior High School Teacher of Mathematics — 63 
Appendix E. A Model for Teacher Candidate Evaluation — 65 

Appendix F. Project Participants — 67 

Appendix G. Professional Organizations and Groups 

Reviewing the Guidelines — 75 

Appendix H. Committee Members —76 

Notes — 77 



FOREWORD 



During the past decade the American Association for the 
Advancement of Science (AAAS) has played an important 
role in the development of guidelines for the preparation 
of elementary and secondary school teachers of science 
and mathematics. Since the publication of Guidelines for 
Preparation Programs of Teachers of Secondary School 
Science and Mathematics in 1961, AAAS has also been 
involved in the preparation of two guideline documents for 
the preservice science education of elementary school 
teachers, one published in 1963 and the second in 1970. 

Since 1961, there have been extensive changes in the 
science and mathematics curricula in secondary schools 
and changes in the secondary school system itself that have 
necessitated changes in teacher education programs, it was 
to reflect some of the new developments that the AAAS 
Commission on Science Education, in cooperation with the 
National Association of State Directors of Teacher Educa- 
tion and Certification (NASDTEC), undertook the task of 
preparing new guidelines for preservice education pro- 
grams of secondary school science and mathematics 
teachers. 

Two preliminary conferences were held to review 
current teacher education programs, to consider the trends 
in science and mathematics education and to discuss the 
needs and problems to which the new guidelines must 
speak. Persons participating in these conferences, as well 
as in all other aspects of the project, represented the vari- 
ous secondary school science and mathematics curriculum 
projects, the disciplines of science and mathematics, 
science and mathematics education, state departments 
of education, secondary schools, and professional or- 
ganizations. 

Four committees* were established by the project's 
Advisory Board to consider the reports of the preliminary 
conferences and to develop specific statements concerning 
1) the nature of science and mathematics and implications 
for the teaching of science and mathematics, 2) the neces- 
sary preparation of the mathematics teacher in mathemat- 
ics and other areas, 3) the necessary preparation of the 
science teacher in the areas of science and mathematics, 



♦Names of committee members are listed in Appendix H. 
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and 4) the strategies for the teaching of science and mathe- 
matics. The recommendations of these committees were 
combined into a preliminary report of the project, which 
was sent to some 450 persons for review and comment. 

Persons receiving the preliminary report were invited 
to attend one of three regional conferences to discuss the 
recommendations. In addition to personnel representing 
institutions of higher learning at least one member from 
most of the 50 state departments of education participated 
in these final three conferences. Recommendations made 
at the three conferences were considered carefully in 
preparing the final report. 

Those using these guidelines will observe a marked 
difference in the tone of the guidelines on science compe- 
tencies and on mathematics competencies. This resulted 
from different points of view taken by the members of the 
two committees that prepared those particular guidelines 
and by the scientists and mathematicians who participated 
in the review conferences. The mathematics committee 
felt that it was important to spell out quite specifically 
what mathematics competencies the prospective teacher 
should have. The science committee preferred to paint 
with a broader brush and to leave the details of science 
content to the faculties of the teacher education institutions. 

Although it is impossible to forecast with confidence 
the direction science and mathematics education will 
take in the next decade, it is clear that change is occurring: 
change in the administrative structure of the school, 
change in our understanding of the teaching-learning 
situation, change in our society. The guidelines must be 
able to accommodate these changes. It is always the hope 
in such ventures, that the guidelines will encourage flex- 
ibility and diversity among teacher education programs, 
but still provide some structure and direction. 

It will be disappointing if this report is not somewhat 
controversial. Controversy initiates discussion. Discussion 
prompts evaluation of existing situations. If the report 
stimulates responsible persons to give serious thought to 
the role, the value, and the purpose of teacher education 
programs for future science and mathematics teachers at 
the secondary school level, then it will have served a pur- 
pose. If the report helps give direction to the teacher edu- 
cation programs and is useful in other ways as institutions 
attempt to evaluate their programs, the funds invested 
in this project will have been well spent. 



"Anyone in the field 
of teacher education 
today who is not im- 
patient with the sta- 
tus quo and eagerly 
seeking new solutions 
is more insulated 
from reality than he 
has any right to be." 1 
John W. Gardner 



The report is the product of hours of meetings, dis- 
cussion, and plain hard work by many persons. The names 
of those who gave of their time and abilities, are listed in 
Appendix F, Special credit must be given to the members 
of the writing committees and to the Advisory Board for 
their special contributions, 

David H, Ost, Coordinator 
Teacher Education Project 
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INTRODUCTION 



The National Science foundation, during the 1950s and 
1960s, supported the development of a full complement of 
new science and mathematics courses for the secondary 
school, and at the same time supported a massive program 
of institutes designed to reeducate teachers in both subject 
matter and pedagogy to qualify them to use the new mate- 
rials effectively. However, the preservice education of 
science and mathematics teachers was not substantially 
changed during this time. Programs for the preparation 
of science and mathematics teachers have typically been 
derived from the existing school curriculum. As a result, 
teachers are prepared to teach what is already being ques- 
tioned in the light of current educational insights and re- 
search. Entering teachers are often tradition-bound from 
the onset of their careers and too often find it difficult to 
adjust to new educational demands. 

New directions for science education for the 1970s are 
already widely debated in the professional literature, the 
public press, and in the journals representing academic 
disciplines. There is consensus that the schools must keep 
pace with cultural change, and that a mismatch may now 
exist between science and mathematics education and the 
condition of society. This condition demands that teacher 
education institutions examine the degree to which their 
programs reflect progress in science, new emphases in 
education, and changes in society. It also suggests an 
urgent need for new guidelines in teacher education. 

These guidelines for the education of secondary school 
teachers of science and mathematics have been developed 
to assist in the reexamination of existing programs and to 
provide guidance for innovation. The recommendations 
are not developed for blanket adoption, and it is expected 
that they will be adapted to local conditions and problems. 
The guidelines are addressed to the preservice education 
of science and mathematics teachers, but the importance 
of continued education and a lifetime commitment to study 
and research is emphasized throughout the report. 

TO WHOM IS THE REPORT ADDRESSED? 

These guidelines are offered as resources for all persons 
interested in the preparation of teachers of secondary 
school science and mathematics. They should be of special 
interest and value to the groups listed below, as they con- 



"The pieces of educa- 
tional revolution are 
lying around una r 
sembled." 2 John W. 
Gardner 



"Civilization is a 
movement . . . not a 
condition, a voyage 
and not a harbor." 3 
Arnold Toynbee 
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sider the problems of teacher education. The questions 
directed to each group suggest specific aspects of the 
teacher education program with which the group should 
be concerned. 



Science and *??thematics Faculties 

• What types of science and mathematics experiences 
should the future teacher have? 

• What specific science and mathematics competencies 
should a new teacher have before he enters the sec- 
ondary school classroom? 

• Is the prospective teacher given the opportunity to 
relate science, technology, and society? 

• Does the future teacher have an opportunity to de- 
velop an appreciation of the role science and mathe- 
matics have played in the shaping of Western thought? 

• What responsibilities do the college mathematics and 
science faculties have for continuing to improve the 
mathematical and scientific competencies of the prac- 
ticing secondary school teacher? 

Professional Education Faculties 

• Do the teacher education programs provide oppor- 
tunities to relate a discipline-oriented education to a 
cross-fields approach increasingly demanded by the 
problems of our society? 

• Does the future teacher have the opportunity to learn 
about the psychology of learning science and mathe- 
matics? 

• By what means are positive attitudes toward self- 
evaluation' and continuing education developed? 

• How does the program provide motivation for increas- 
ing professionalism among future teachers? 

School and College Administrative Personnel— State, 
Regional, and Local 

• To what extent can a program have structure without 
rigidity, and flexibility without disorder? 

• What is the roie of administrators in fostering relevant 
and challenging continuing education programs? 

• What means can be provided to stimulate self-evalua- 
tion and continued review of the individual teacher's 
competencies, skills, and attitudes? How is this related 
to certification? 

• To what extent does the college or university bear 
responsibility for developing in prospective teachers 
those attitudes and skills that foster self-evaluation and 
self-renewal? To what extent do the schools share this 
responsibility? 

Professional Organizations 

• What kinds of experiences are essential for science 
and mathematics teachers involved in continuing edu- 
cation programs? 

• What unique or special types of experiences are re- 
quired in the education of science and mathematics 
teachers? 



D 

o 



2 



• What can professional organizations do to improve 
science and mathematics education for the future 
teacher as well as the secondary school student? 

National Council for Accreditation of Teacher Education 
iNCATE) 

• Has the institution critically examined these Guide- 
lines and considered their relevance for teacher edu- 
cation curricula? 

THE ORGANIZATION OF THE RECOMMENDATIONS 

The report begins with a brief statement on the impor- 
tance of liberal education for all teachers. This is followed 
by twelve guidelines for the planning, implementation, 
and evaluation of programs for the education of secondary 
school teachers of mathematics and science. These guide- 
lines include brief rationales, descriptions of skills needed 
by future teachers, and suggested strategies for helping 
future teachers acquire the desired competencies and 
attitudes. The twelve guidelines are followed by four 
standards that each institution should satisfy. 

Supporting materials prepared by the project com- 
mittees or working groups in the regional conferences are 
printed in the appendices. Also included as appendices are 
implementation suggestions for the guidelines, a list of the 
more than 300 individuals who contributed to the develop- 
ment of the guidelines, and a list of the 17 organizations 
that cooperated by naming a liaison person to provide 
counsel and communication during the development of the 
-guidelines. 
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LIBERAL EDUCATION 



All teachers should be liberally educated persons. Through 
an education that liberates, future teachers will be best 
prepared to meet the challenges and problems of teaching. 
Education in science and mathematics is an essential part 
of liberal education and the guideline descriptions of the 
kinds of experiences that the teacher education institution 
should provide for the preparation of secondary school 
teachers of science and mathematics are believed to be 
expressed in the spirit of liberal education. It is of critical 
importance for the liberal and professional education of 
the secondary teacher of science and mathematics, for 
example, to study philosophy and psychology of science 
and mathematics; to have interdisciplinary experiences 
that will enable him to comprehend the issues related to 
science, technology, and society; to be competent in oral 
and written communication; and to develop commitment 
to a lifetime of learning. These kinds of experiences are 
all a part of liberal education. 

But this is by no means all of liberal education, and, 
although the guidelines do not attempt to describe other 
essential parts, particularly in the arts and humanities, it 
is expected, and indeed it is essential that every teacher 
education institution provide a broad education for sec- 
ondary school teachers of science and mathematics. Cer- 
tainly no state department of education will certify any 
teacher without evidence that the teacher is a liberally 
educated person. 

Many excellent models of undergraduate programs of 
liberal education exist and new models are being devel- 
oped. Each institution is urged to reexamine its liberal 
education program with reference to these models and to 
consider how the science, mathematics, and professional 
preparation of teacher education programs can be related 
to, and be used to strengthen, liberal education. There is 
no specific guideline related to liberal education, but no 
person and no institution should interpret this omission as 
assigning this essential aspect of teacher education a posi- 
tion of lesser importance.' it seems safe to say that no part 
of the academic community places greater stress on lib- 
eral education than do present-day scientists and math- 
ematicians. 
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GUIDELINE I 



Teacher education programs should provide experiences 
that foster continuous growth in those human qualities 
of the teacher that will enhance learning by his students . 

4 . 4 teacher should show sensitivity to students . 

Sensitivity is a quality learned by interacting with others. 
It includes an ability to identify with others. This is not 
merely superficially "liking" students, but rather a per- 
sonal involvement and a concern for their growth as 
human beings v .^Teacher education can contribute to devel- 
opment of the sensitivity of the prospective teacher by 
providing him with an atmosphere of compassion and con- 
cern in which to learn. A teacher or prospective teacher 
who has the qualities of sensitivity essential for effective 
teaching should: 

1. Have the disposition to take student judgments 
and suggestions seriously. 

2. Be intellectually honest with himself and his 
students. 

3. Strive to develop an atmosphere in the class- 
room conducive to spontaneity, creative think- 
ing, and independent, self-directed learning. 

4. Be able to foster an environment of trust in his 
classroom. 

5. Be able to use various modes of instruction most 
suited to individual student needs, modifying the 
structure in order to develop student self-confi- 
dence and independence. 

6. Understand himself as a model for the devel- 



informal as well as formal teaching-learning 
encounters. 



6 . 4 teacher should have self-esteem and confidence . 

The prospective teacher should have the opportunity to 
develop a self-concept of himself as a teacher of science 



y l \J 

HUMANENESS - 



"Interest, individual- 
ism and integrity 
cannot be mass-pro- 
duced; they result 
from the personal 
interactions of man 
with man ." 4 A. M. 
Cartter 



"Trust Takes Time ." 5 



opment of student attitudes and behaviors in 
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"Mathematics has 
many humanistic as- 
pects that are not rec- 
ognized so well today 
as they were during its 
liberal arts years." b 
R. L. Wilder 



"Yeh, he'll tell you 
that you can do your 
thing. Then he comes 
over and tells you 
what your thing is." 
A Student 



and mathematics. Experience with independent study 
involving the planning and execution of investigations in 
some areas of science, mathematics, or curriculum will 
contribute to self-confidence. The prospective teacher 
should demonstrate his self-confidence in the following 
ways: 

1. Have enthusiasm for his teaching field as well 
as for his students. 

2. Set up a study around a question of his own 
asking in an area of his own interest. 

3. Ask relevant questions within his disciplines and 
listen to, accept, and respond to questions and 
ideas of his students, colleagues, and laymen. 

4. Respond to a discussion of an experiment or 
study by asking reasonable questions that dem- 
onstrate an understanding of the purpose, prin- 
ciples, and results of the work. 

5. Accept and encourage the widest possible range 
of interests and activities in students of all levels 
of ability and background. 

6. Assume many different roles in the teaching- 
learning environment, including those of group 
leader, group participant, resource person, lis- 
tener, and experienced investigator. 

7. Obtain resources, including community re- 
sources, and help his students learn to use them 
in student-designed studies. 

8. Support and encourage students to set up labo- 
ratory or field investigations. 

Growth toward these goals will take place best if the 
prospective teacher is aware of the competencies he is 
expected to achieve and If his learning experiences are 
consciously designed to enhance his personal development. 
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GUIDELINE II 



Teacher education programs should provide teachers 
with the knowledge and experience to illustrate the cul- 
tural significance of science , to relate science and mathe- 
matics through technology to social conditions, and to 
apply the analytical methods of science in multidisci- 
plinary approaches to studying and solving societal 
problems . 




Science, as a body of knowledge and as a process of ra- 
tional thought, permeates the culture of our time. Man's 
political, economic, social, ethical, and moral systems are 
greatly influenced by scientific achievements and their 
application through technology. Because of the pace of 
science in generating new knowledge and ideas and of 
technology in generating new products and applications, 
society is in a state of accelerating change. 

It is reasonable that a major purpose for teaching 
science and mathematics should be to help young people 
adjust to change and to develop the skill and rationality 
to cope with societal transformations of the future. The 
teacher of science or mathematics needs to be able to 
relate science and technology to social conditions, particu- 
larly as they affect the individual. Based on an understand- 
ing of the interrelationships among education, science, 
mathematics, technology, and society, a teacher of mathe- 
matics or science, should be able to: 

1. Explain the roles of science and technology in 
the development of contemporary culture and 
thought by: 

a. Comparing these roles in the preindustrial 
revolution era with their roles today. 

b. Providing examples of the influence of sci- 
ence and technology on society and on the 
quality of life of the individual. 

c. Discussing the possible role of science and 
technology in developing an understanding 
of a particular social problem and explaining 
why the problem may not be soluble by purely 
scientific or technological means. 



"There is a need to 
study the role of sci- 
ence and technology 
in our life today as 
one of the important 
aspects of modern cit- 
izenship/" Howard 
H. Cummings 




"What does it do besides 
pollute the atmosphere?" 
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d. Identifying the major issues in the current 
dialogue about the responsibilities of scien- 
tists, mathematicians, and technologists for 
social problems. 

2. Identify and apply analytical approaches and 
broad concepts of mathematics and science in 
the study of societal problems closely related to 
science and technology by: 

a. Exploring both the potentials and limitations 
of science for solving problems associated 
with man's welfare. 

b. Participating with his students in the design 
and implementation of activities that provide 
experiences in applied scientific decision- 
making. 

c. Developing appropriate techniques, such as 
optimization/ for making decisions. 

d. Learning how to relate feedback to the con- 
trol of various systems, including social, politi- 
cal, economic, biological, physical, and tech- 
nological systems. 

e. Extending concepts or definitions that may 
contain broader implications or applications 
than the context in which they are traditionally 
used. (Examples are half-life and entropy). 

f. Analyzing a problem in terms of more than 
one system, for example a localized system, a 
regional system, or a national or international 
system. 

g. Identifying the knowledge and methodology 
of the social sciences and law that might be 
necessary to attend to problems of broad 
social concern. 

h. Describing how science and technology might 
interact with economic, political, and social 
forces to influence the development of socie- 
ties of the future. 

The education of the teacher of secondary science or 
mathematics should require him to be conversant in sev- 
eral disciplines, including the social sciences, should pro- 
vide learning opportunities that teach for synthesis among 
several disciplines and major areas of study, and should 
provide for a multidisciplinary perspective that will assist 
him in developing learning experiences for his students 
in science, technology, and society. 




Because of his increasing responsibilities in develop- 
ing public understanding of science and for sharing in the 
study of environmental' and social problems, the prospec- 
tive teacher will need to be something of a generalist 
rather than purely a specialist. The teacher needs to recog- 
nize what it is in science and mathematics that has value 
for the layman, with less consideration of what has value 
for the research scientist. It is conceivable that in the 
future the secondary school teacher will serve as an impor- 
tant intermediary between science and society, explaining 
science to the citizen and providing the feedback to scien- 
tists that will help them develop and maintain their sense 
of social responsibility. 





"Man's most human 
characteristic, one 
which distinguishes 
him from other spe- 
cies ... is [hisj abil- 
ity to teach . . , and 
to teach again ." 9 J. 
Lawrence Walkup 
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GUIDELINE III 



Teacher education programs should provide opportuni- 
ties for prospective teachers to gain insight into the 
intellectual and philosophical nature of science and 
mathematics . 



As an interpreter of science or mathematics as an intel- 
lectually satisfying enterprise, a teacher must be comfort- 
able with the history of his subject, its philosophical na- 
ture, its conceptual structure, and its investigative metho- 
dologies. Because each of the several disciplines taught in 
secondary schools differs in its validity requirements, per- 
missible uncertainties, research strategies, and philosophi- 
cal foundations, it is desirable that prospective teachers 
be knowledgeable about more than one discipline. The 
prospective teacher should be aware of the broader ques- 
tions and concepts that arise from the differences and 
similarities among disciplines. Some typical generalizations 
are suggested below as examples. 

1. Many characteristics of scientific and mathe- 
matical inquiry and interpretation are common 
to other human activities involving collation and 
abstraction. On the other hand, some charac- 
teristics are unique, such as the role of experi- 
mentation in science and the role of axiomatics 
in mathematics. 

2. Nature is so diverse, complex, and vast that the 
study of science is open-ended. 

3. A hierarchy of abstraction exists in mathemat- 
ics and science covering a broad conceptual 
range from esoteric theories to engineering 
applications. 

4. Achievements in mathematics and science are 

the results of human creative activity: the de- 

rivation of a mathematical theorem or the dis- 
covery of a scientific phenomenon provides an 
aesthetic appeal that is analogous to the ap- 
preciation of a work of art. 

5. Human value judgments are influential in de- 
termining which aspects of science and mathe- 



matics are of greatest interest and how those 
aspects are to be investigated. The collection 
and interpretation of data sometimes lead to 
disputes which arise when data are meager or 
when new and apparently inconsistent data 
are obtained allowing conflicting interpretations. 

The generalizations described above are examples 
of the broader characteristics of science. Teacher educa- 
tion programs should translate these generalizations into 
more specific implications for the teaching of science or 
mathematics and should develop some standards by which 
the prospective teacher might gauge his progress. As 
examples, it might be expected that the prospective 
science or mathematics teacher be able to: 

1. Demonstrate a knowledge of the methodologies, 
logical procedures, and explanatory systems that 
characterize the natural sciences. 

a. Compare the kinds of questions a biologist 
and a physicist would ask about a natural 
process such as photosynthesis. 

b. Contrast the kind of explanation that a phys- 
icist and an earth scientist would give for some 
phenomenon, such as a thunderstorm. 

c. Discuss explanations labeled as theories by 
physicists, chemists, biologists, and earth 
scientists and identify their similarities and 
differences. 

2. Demonstrate a knowledge of the methodologies, 
logical procedures, and explanatory systems 
that characterize mathematics and compare or 
contrast them with the methodologies, proce- 
dures, and explanations in the natural sciences. 

3. Compare scientific or mathematical "truth" with 
other kinds of "truths" that mankind has formu- 
lated. 

a. Describe the nature of evidence in the biologi- 
cal and theological accounts of evolution. 

b. Compare the nature of evidence in astro- 
logical and astronomical interpretations of a 
phenomenon. 

c. Contrast the scientific progress characterized 
by the development of classical and quantum 
mechanics with "cultural" progress charac- 
terized by the development of classical and 
modern art or music. 




" . . . mathematics, 
contrary to popular 
belief, is not an abso- 
lute science but one 
which allows consid- 
erable arbitrariness in 
its content ... It 
therefore affords an 
excellent opportunity 
for student partici- 
pation in course 
content ." 10 R. L. 
Wilder 
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4. Trace a scientific or mathematical idea in terms 
of its origins, evolution, and absorption into the 
structure of a discipline; for example, identify 
critical periods in the history of the concept of 
atomic structure. 

5. Show the power of a model for organizing 
thought about known phenomena; for examples, 
the algorithm in mathematics, evolution in biol- 
ogy, the expanding universe in astronomy, and 
the kinetic molecular model in chemistry and 
physics. 

6. Show how scientific or mathematical ideas play 
a role in shaping a person's view of himself in 
the world. This might be exemplified by the 
contrast between an earth-centered cosmos and 
an expanding universe, the contrast between 
evolutionary development and special creation, 
or the contrast of mathematics as absolute truth 
and mathematics as a logical system dependent 
upon axioms and undefined terms. 



GUIDELINE IV 



The teacher education program should require the pros- 
pective science teacher to attain broad minimum com- 
petencies in several fields of science and technology and 
high levels of competence in an appropriate teaching 
specialty . 




Teacher education programs should be responsive to the 
changing curricula of the secondary schools and to the 
changing role of the teacher. Secondary school science 
curriculum development projects of the past decade up- 
dated the materials and modified the teaching approach 
to include much more experimentation by students, but 
left largely unchanged the separation among the disci- 
plines. There is currently beginning a movement to fuse 
the disciplines by emphasizing the common principles, 
concepts and processes and by teaching science in inter- 
disciplinary or multidisciplinary contexts that are problem 
oriented. It may be not only desirable but necessary in the 
future to fuse the disciplines further and present the sci- 
ences within a broad context of humanism that includes 
-personal characteristics of students as well as the more 
global concerns of mankind. 

The changing nature of science education requires a 
broad base of experience stressing the interrelatedness 
of major concepts within the various disciplines and inter- 
preting content and technological developments in terms 
of the needs of the individual and of society. Because 
science teachers will continue to perform a variety of 
functions, they must have sufficient breadth and depth 
to be effective in both general and specialized science 
j education. 



4 . The teacher should attain at least minimum 
specified levels of competency in the processes 
of science common to the several disciplines . 

All teachers of science need to have a specified minimum 
level of competence in using the processes of science that 

13 
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IV 

SCIENCE 
COMPETENCIES 






form the basis of the scientific search for knowledge and 
understanding. As examples of the competencies at this 
basic level, the prospective teacher should: 

1. Be familiar with the basic elements of experi- 
mental design. He should be able to formulate a 
question as a testable hypothesis, describe ob- 
servations that would support or refute the 
hypothesis, plan an investigation that would 
provide the appropriate observations with atten- 
tion to the identification, control, and measure- 
ment of variables of the system. 

2. Make use of models in science and mathematics. 
He should be able to identify essential elements 
of a model, describe the assumptions and the 
range of validity of the model, distinguish 
among competing models, identify the most 
appropriate model for a particular problem, 
and modify a model to accommodate new phe- 
nomena and observations. 

3. Know how to measure a variety of quantities. 
He should be able to use the metric system of 
measurement and should know the relationship 
of metric units to other commonly used units. 
He should possess the manipulative skills and 
knowledge to use the ordinary instruments 
common to several fields. 

4. Have the ability to plan for, make, and record 
observations. He should be able to make ob- 
servations and measurements in a well-organized 
fashion and arrange a record of the data in a 
clear and orderly form. 

5. Have a wide range of experience in interpreting 
data. He should be able to determine whether or 
not data are consistent with proposed models 
and whether or not they support or refute a 
hypothesis being tested. He should have in his 
repertoire of skills the ability to make graphical, 
analytical, and qualitative interpretations of 

data, to identify sources of error, and to make 

reasonable estimations of the accuracy, preci- 
sion, and reliability of a given set of measure- 
ments. He should be able to examine data and 
to suggest additional kinds of observations or 
improvements in experimental techniques. 
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B. The teacher should attain at least minimum 
specified levels of competency in the concepts 
and principles in several areas of science . 

To be able to function effectively in settings which relate 
a variety of previously isolated science disciplines or 
which confront the societal problems associated with but 
not necessarily attributable to technological developments, 
the prospective teacher needs to have at least minimum 
levels of competence in dealing with the major cbncepts 
of each of several traditional natural science disciplines. 
To identify a list of fundamental concepts of science that 
should be a part of the experience of every prospective 
science teacher is a hazardous undertaking because the 
selection is strongly influenced by individual value judg- 
ments and because the mere listing of topics gives no clue 
about the depth of understanding that is expected. Table 1 
presents a sample range of topics that might be included 
as part of the training of all prospective science teachers 
and these are expanded in Appendix B. To demonstrate 
a broad level of understanding of the scientific enterprise, 
the prospective teacher should: 

1. Have the ability to discuss qualitatively the 
fundamental concepts and significant experi- 
ments of science and their interrelationships. 
For each of the topics listed in Table 1, he 
should be able to describe at least two important 
ideas, illustrate the thought and experimenta- 
tion leading to those ideas, and describe a widely 
accepted relationship between those ideas and 
each of the other topics. 

2. Be able to interpret at least one significant ques- 
tion currently being addressed by researchers in 
each topic listed in Table 1. 

3. Have an understanding of the relative magni- 
tudes of the quantities observed or measured in 
the various disciplines and of the reliability of 
measurements required for information to be 
useful. 

4. Be able to demonstrate that scientific principles 
and concepts belong to science in gen eraV and 
not necessarily to a particular subject area by 
giving examples of vyays in which the ideas or 
instrumentation developed in one field find 
application in other fields. 




TABLE 1 




TOPICS OF SCIENCE AND TECHNOLOGY 

• Physical and Chemical Interactions 

mass, force, motion 

gravitational, electrical, and magnetic fields 
atomic and molecular interactions 

• Energy 

physical, chemical, and biological systems 
thermal energy, radiation and entropy 

• Atoms and Molecules 

structure and models of atoms and molecules 
subatomic particles 
wave-particle duality 

• Cosmological and Astronomical Models 

• Earth Systems 

oceanic, atmospheric, geophysical, geochemical 

• Earth History and Evolution 

biological and physical 

• Inheritance— Genetics — Reproduction— Development 

• Cell Theory 

• Structure — Function — Homeostasis 

• Organism— Environment— Interaction — Behavior 

• Modeling and Prediction 

computer simulation — programming 
optimization 

• Control of Systems 

feedback 

stability 

• Interaction of Society and Technology 



C. The prospective science teacher should attain 
a specified high level of competence in a 
specialized field in order to be prepared to 
teach in that field. 

The' appropriate preparation of secondary school teachers 
of physics, chemistry, biology, or other traditional disci- 




plines is usually described by specifying a required mini- 
mum number of courses or credits. An academic minor is 
usually acceptable for certification, but a major is often 
required or strongly recommended. Rather than to assume 
that the completion of an array of courses and credits suc- 
cessfully equips the prospective teacher with the appro- 
priate competencies for thg teaching of science in the 
secondary school, the faculties of the individual institutions 
should carefully identify and define the subject matter 
competencies that are essential. 

The broad faculty, school, and community representa- 
tion required for the development of teacher education 
programs will provide the expertise and judgment neces- 
sary for acceptable formulation of meaningful competencies 
for the teaching of the discipline. Identical experiences for 
both the prospective teacher and the prospective research 
scientist may not be possible nor desirable. Guidelines that 
may assist the development of such competencies or 
courses of study are being, or have been, developed by 
several professional societies. 11 

The types of competencies consistent with this guide- 
line and suggestive for adaptation for specific disciplines 
are listed below. At this higher level of competency in a 
particular specialized field the teacher should be able to: 

1. Explain and interrelate in considerable detail 
specified fundamental models, concepts, prin- 
ciples, and experiments of the field. 

2. Describe the historical developments of signifi- 
cant concepts in the discipline and the relation- 
ship of these developments to society, to technol- 
ogy, and to scientific thought generally. 

3. Analyze specified problems or systems quantita- 
tively and apply the principles of the field to 
discover solutions. 

4. Design and conduct original experiments that 
develop knowledge that is new or at least new 
for the student. 

5. Use complex measuring techniques and proce- 
dures with units, equipment, and standards ap- 
propriate to the field. 

6. Process and interpret data using a broad range 
of techniques and instrumentation characteristic 
of the field, including appropriate computer 
applications. 
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• These suggested statements should be expanded and 
adapted to particular fields by specifying the details and 
the criteria by which the competence of prospective 
teachers should be judged. 
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GUIDELINE V 



Teacher education programs should equip the science 
teacher with at least minimal mathematical competencies . 



In view of the mathematical needs of high school students 
of science and the ever-increasing use of mathematics in 
science, it is essential that all science teachers have as 
minimal mathematical competencies the equivalent of 
those developed in two years of high school algebra, 
including elementary trigonometry. In addition, it is de- 
sirable that the prospective teacher of science have an 
acquaintance with the basic principles of differential and 
integral calculus, some knowledge of probability and sta- 
tistics, and a brief introduction to computer programming. 
The prospective teacher should have: 

1. The competency to perform simple algebraic 
manipulations arid to use basic algebra and 
trigonometry to express relationships among 
physical quantities. 

2. Sufficient knowledge of permutations, combina- 
tions, probability, and statistics to understand 
their use in specific areas of the sciences he is 
preparing to teach. 

3. An understanding of those aspects of the calculus 
that will enhance the in-depth presentations of 
functional relationships involving time, motion, 
growth, forces, etc. 

4. Sufficient knowledge of one of the simpler com- 
puter languages, such as Basic or Fortran, to be 
able to develop a program for the processing of 
data resulting from science experiments of lim- 
ited sophistication. 

The effectiveness of any mathematics course for the 
prospective science teacher will be enhanced by attention 
to appropriate applications of mathematics to science and 
technology. However, the spirit in which mathematics is 
taught is as important as the extent and kinds of applica- 
tions considered. The basic goal of mathematical prepara- 
tion for the science teacher should be to make mathematics 




19 




I 




a functional tool. If this objective is achieved, the science 
teacher will turn naturally to whatever mathematics he 
knows to help him to guide his students to formulate and 
to explain scientific phenomena. 

It will be helpful also for the science teacher to have 
some familiarity with the nature and method of modern 
school mathematics so that he can communicate more 
easily with mathematics teachers in correlating science 
and mathematics programs and so that he may be more 
helpful to his students who may not be accustomed to 
viewing mathematics as a functional tool. 
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GUIDELINE VI 



An undergraduate program for secondary school mathe- 
matics teachers should include a major in mathematics 
of sufficient depth to make possible further study of 
mathematics at the graduate level in areas appropriate 
for teachers . 




The professional preparation outlined here includes more 
than it may ordinarily be possible to arrange for in an 
undergraduate program. The prospective teacher's pro- 
gram of study should include basic studies in analysis, 
algebra, geometry, probability and statistics, and com- 
puting, and should permit further study at the graduate 
level to provide greater depth in these and other areas. 

The design of the undergraduate major should pro- 
vide the type of mathematical maturity which would per- 
mit graduate study in areas appropriate for teachers. 
Institutions offering graduate work in mathematics should 
make special efforts to provide studies relevant to mathe- 
matical background needed for secondary school teaching, 
and these studies should provide the teacher, as graduate 
student, with an open-ended approach which will foster 
continuous self-education. 

The mathematical preparation which is believed to 
accomplish the objectives of Guideline VI is briefly de- 
scribed in the following pages. For more detailed descrip- 
tions, the reader is referred to the recommendations of the 
Panel on Teacher Training of the Committee on the Under- 
graduate Program in Mathematics . 13 



"Mathematics is a 
multistage Roman 
candle. It is packed 
with physical gun- 
powder and set alight 
by the fire of human 
minds. . . . Then the 
candle flares up and 
successive flashes of 
light reveal aspects 
of the physical world 
not readily illumi- 
nated from man's 
earthbound station ." 12 
Morris Kline 



A, ANALYSIS 

The field of analysis (i.e., calculus and that part of mathe- 
matics which has developed from the calculus) must have 
a prominent place in the preparation of all secondary 
school mathematics teachers. 

Every prospective high school teacher of mathematics 
should study elementary and ; intermediate calculus. He 
should: 
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1. Be able to solve standard problems involving the 
differentiation and integration of elementary 
functions, and applications of these processes. 

2. Be familiar with the extension of the processes 
of differentiation and integration to functions of 
more than one variable; he should understand 
the calculus of vector functions and be able to 
apply it to motion problems. 

3. Understand the meaning of the implicit function 
theorem. 

4. Understand the basic limiting processes as they 
occur in calculus, including infinite series, im- 
proper integrals, interchange of limits, and uni- 
form convergence. 

5. Be able to solve elementary differential equa- 
tions and problems involving applications of 
first and second order differential equations. 

In addition to the elementary and intermediate analy- 
sis discussed above, the prospective teacher of secondary 
school mathematics should have studied analysis at a more 
advanced level. He should: 

1. Have worked through at least one of the several 
constructions of the real number system from 
the rationals. 

2. Be familiar with the concepts of open set, limit 
point, closed set, and connected sets in the 
context of either the real line or (better) the 
plane. 

3. Understand what it means for a function to be 
Riemann integrable, and know the conditions for 
integrability. 

A teacher who is to be qualified to teach college level 
calculus (such as the Advanced Placement course) will 
need an especially thorough understanding of the topics 
above. He will also need to acquire greater depth in 
analysis by advanced study of several subjects, such as 
complex variables, measure and integration, and theory of 
differential equations. It may be that the necessary depth 
in analysis cannot be achieved in the prospective teacher's 
undergraduate program, and he should consult with his 
faculty advisor as to what study in his overall program 
should receive first priority and what should be deferred 
for later graduate study. 
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B. ALGEBRA 



The prospective teacher should understand the elements 
of linear algebra. He should be acquainted with n-dimen- 
sional Euclidean spaces, and with the geometry and 
algebra of vectors in these spaces. He should know how to 
solve systems of linear equations, and should understand 
the uses of matrices in this connection. The future teacher 
will need to develop an understanding of the concept of a 
linear transformation, including its representation by a 
matrix, and he should be able to interpret his work in 
solving systems of equations in terms of linear trans- 
formations. 

The student preparing to teach secondary mathemat- 
ics should study the principal structures of abstract algebra, 
including groups, rings, fields, and vector spaces. For 
each of these structures he should see numerous elemen- 
tary examples, both to give substance to the abstract ideas 
and to illustrate the power of mathematical abstraction. 
Rings should be illustrated through sets of integers, poly- 
nomials, and matrices; fields through the rational, real, 
and complex number systems. The group concept can be 
well illustrated through various groups of transformations, 
permutations, and symmetries. Such examples also offer 
an opportunity to point out interconnections between 
algebra and geometry. 

The prospective teacher should understand the basic 
concepts of homomorphism, kernel, and quotient con- 
struction as well as applications and consequences of 
these ideas. 



C. GEOMETRY 



Informal and intuitive approaches to geometry are used in 
junior high school and in general mathematics classes. 
Even in deductive courses in geometry, informal explana- 
tions of relations among plane and space figures provide a 
basis for conjectures. Geometry is taught using a wide 
variety of approaches, including coordinates, vectors, 
and transformations such as isometries, similarities, and 
affine transformations. A teacher of geometry needs to be 
able to adapt his teaching to each of these approaches 
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while maintaining flexibility to adapt to new approaches 
as future geometry courses continue to evolve. Accord- 
ingly, a prospective secondary school mathematics teacher 
should: 

1. Be able to develop many of the usual geometric 
concepts informally; for example, using paper 
folding. 

2. Know the role of axiomatics in synthetic geom- 
etry and the existence of various axiom systems 
for Euclidean geometry. 

3. Be able to use either coordinates or vectors to 
prove theorems such as thv* concurrence of the 
medians of a triangle. 

4. Recognize the existence of other geometries by 
being able to identify a few theorems in at least 
one other geometry such as a non-Euclidean 
geometry, projective geometry, or affine geom- 
etry. 

5. Be able to discuss the role of transformations, 
at least in Euclidean geometry. 

6. Understand thoroughly the interconnections 
between algebra and geometry. 

Prospective teachers of geometry have a special need 
for understanding logic, particularly the fundamental 
principles used in mathematical reasoning. He should be 
familiar with connectives and the algebra of statements, 
various forms of the statements of implications and equiv- 
alences, and know how to express the denial of a statement 
involving universal or existential quantifiers. 
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D. PROBABILITY AND STATISTICS 

Topics in probability and statistics are steadily finding 
their way into the curriculum of secondary schools. These 
are areas in which misconceptions frequently occur. Hence, 
it is particularly important that the prospective secondary 
school mathematics teacher be properly prepared to teach 
these subject areas. In the area of probability such prepara- 
tion should include a careful presentation of the concepts 
of sample space (space of outcomes), event space, prob- 
ability function, and the basic probability axioms. The 
development of the subject should cover additional prob- 
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ability through Bayes theorem and the basic concepts 
associated with random variables (distribution function, 
probability density function, expected value, mean vari- 
ance, and standard deviation). The teacher should study 
calculus-based probability and statistics even though he 
would not teach probability and statistics at the secondary 
level from this point of view. 

Statistics may be presented as applied probability in 
which probability space is used to model a situation in 
the real world. The associated concepts of statistical popu- 
lation, population parameter, and statistical sample should 
be emphasized. The development of the subject should 
include the ideas of statistical estimation, test of a statisti- 
cal hypothesis, and confidence interval. 

A teacher of probability and statistics should go be- 
yond an understanding of the basic probabilistic concepts 
by having experiences using statistical analysis. He should 
have field and laboratory-type experiences in using prob- 
ability concepts. In simple experimental situations, he 
should have the ability to collect the relevant data, prepare 
statistical summaries, select suitable methods of statistical 
analysis, and make the appropriate statistical computations. 




E. OTHER MATHEMATICAL SUBJECTS 



There is considerable variation in what students present 
as an undergraduate major in mathematics. The fraction 
of the total undergraduate program devoted to mathemat- 
ics might be as little as a fourth, or as much as a half. A 
prospective secondary school teacher of mathematics 
should study a wider range of subjects than students with 
other goals, yet he must achieve in some areas a depth 
close to that of the prospective specialist. The demands of 
a liberal mathematical education and those of full profes- 
sional preparation, always in conflict, are most severely so 
for the prospective teacher. He should plan, therefore, for 
more than a minimal major and should allow for study of 
subjects such as number theory, the history of mathemat- 
ics or foundations, combinatorics, complex analysis, topol- 
ogy, as well as other disciplines in which mathematics is 
used. A graduate program in mathematics for prospective 
teachers should enable them to acquire breadth in mathe- 
matics as well as depth in a branch of mathematics such 
as algebra or analysis. 



"The most important 
single factor influ- 
encing learning is 
what the learner al- 
ready knows. Ascer- 
tain this and teach 
him accordingly ." 14 
David Ausubel 
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GUIDELINE VII 

An undergraduate program for secondary school mathe- 
matics teachers should include a substantial experience 
with the field of computing as it relates to mathematics 
and to the teaching of mathematics . 



The modern computer has already had a powerful effect 
on mathematics. An overhwelming majority of college- 
bound mathematics students (and many others) will even- 
tually work with computers to some extent. The prospec- 
tive teacher of mathematics should have an opportunity 
to develop an appreciation of the influence of the computer 
on the teaching of mathematics. The prospective mathe- 
matics teacher should: 

1. Understand the relationship of mathematics to 
computing. 

2. Have some appreciation of the effect computing 
has had, not only on the natural sciences but also 
on the social sciences, and on society in general. 

3. Become familiar with the use of computers for 
individualized instruction and classroom dem- 
onstrations. 

4. Recognize the limits of complexity of the general 
purpose computer. 

An important aspect of the computer revolution for 
mathematics education has been a renewal of interest in 
algorithms. There are a number of important topics in 
elementary mathematics where algorithms arise naturally; 
for example, approximating roots of equations, solving 
systems of equations, calculating the greatest common 
divisor of two integers, and evaluating lower and upper 
sums for the area under a curve. An "algorithmic" ap- 
proach to the teaching of mathematics is now developing, 
and has many adherents; this movement seems very likely 
to gain in significance in the near future. 

The prospective teacher might attain the necessary 
competence in computing through an independent study 
project, informal seminars, or formal study. Regardless of 
how he acquires his computer competency, the prospec- 
tive teacher should be able to convert a physical model or 
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problem to an algorithm; convert an algorithm to a flow 
chart; and convert a flow chart to a program in a language 
such as BASIC, FORTRAN, or ALGOL. 

He should understand the following: 

1. Computing systems: compilers, libraries, load- 

ers, system programs, operation systems. 

2. Program errors, debugging, and verification. 

3. Data representation: systems of enumeration, 

binary codes, representation of characters, fixed 
and floating-point numbers, data structures. 

4. Computation of errors and efficiency. 





GUIDELINE VIII 

An undergraduate program for secondary school mathe- 
matics teachers should provide substantial experience 
with mathematical model building so that future feachers 
will be able to recognize and construct models illustrating 
applications of mathematics. 



"Certainly the lesson 
history teaches, and 
the reason for the 
great emphasis placed 
on mathematics to- 
day, is that mathe- 
matics provides the 
supreme plan for the 
understanding and 
mastery of nature /' 15 
Morris Kline 



"It is crucial that 
mathematics prob- 
lems which claim to 
be applications of 
mathematics to other 
disciplines be honest 
applied mathemat- 
ics. Henry O. 
Poliak 



Applications of mathematics have traditionally been in- 
cluded in high school and college mathematics curricula 
through occasional exercises and minor digressions from 
the main development of mathematical ideas. Typically, 
a description of a highly artificial "real world" situation 
leads directly to a routine application of a formula that has 
just been studied (as in the so-called "word" problems), or 
a problem presented in mathematical terms is followed 
by a tenuous declaration that it arises in connection with a 
certain scientific study. 

Students must be convinced that mathematics has a 
wealth of significant applications in many fields if they 
are to acquire a feeling of relevance about the study of 
mathematics. This can and should be done for college- 
bound high school students; it must be done for college 
students preparing to teach high school mathematics. 

Aside from the obvious need for greater diversity and 
less artificiality in the applications that are included in 
mathematics study, there is a need for some specific study 
of mathematical model building to provide a frame of 
reference within which specific applications can be exam- 
ined, constructed, and used. 

In the sciences, most of the uses of mathematics, in- 
cluding equations and graphs, are examples of mathemat- 
ics modeling. A mathematical model pairs elements of a 
mathematical system with practical and applied interpre- 
tations. Deductive operations in the model yield theorems 
which may then serve to predict or describe real events. 
For example, the symmetries that arise in our conceptions 
of nature, as in crystallography or quantum field theory, 
are treated as elements of mathematical groups. 

The idea of a mathematical model of a "real" situation 
and the associated techniques and rationale of the model 
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building process have developed as a sort of folk knowl- 
edge among mathematicians and users of mathematics 
during the past three or four decades. Only in recent years 
has there been any effort to make these ideas more explicit 
and to incorporate them in mathematics curricula. As these 
efforts begin to affect the high school curriculum, where 
much of the material belongs, it becomes urgent that the 
future high school teacher receive appropriate preparation. 
In turn, the preparation of teachers in these ideas will 
accelerate the desired implementation of the improved 
treatment of applications in the high schools. 

The ideas of model building are conveyed best by 
developing examples in considerable detail, number, and 
variety. Consider, as a simple illustration, the problem of 
navigating from point A to point B on the surface of the 
earth. The approach to this problem depends on the dis- 
tance between A and B, the precision with which the 
locations of A and B are known, and the accuracy required 
in the navigation. It is seen at once that the earth could be 
modeled by a plane, a sphere, or an oblate spheroid and 
that the choice of a model depends on the circumstances 
of the problem. Thus the role of simplifying assumptions 
in the process begins to be revealed: "We will assume 

that the earth is flat." Similarly, the connection between 
such assumptions and the complexity of the mathematical 
methods one must use (e.g., plane trigonometry or spheri- 
cal trigonometry), as well as the available computational 
resources (hand computation, tables, a digital computer), 
soon becomes evident. There is little doubt that a thorough 
discussion of several such problems could be incorporated 
in the high school curriculum to good advantage. The 
prospective teacher should also work on problems more 
elaborate than this simple example. The models and the 
applications must be studied together as one part of the 
mathematics program at the senior level or distributed 
throughout the mathematical experiences of several years. 
It is recommended that students become actively involved 
in the construction and evaluation of models and that 
lecturing be minimized. 

Because the concepts of mathematical model building 
are relatively new, a number of the features of the prepara- 
tion in model building that teachers will need in order to 
teach applications of mathematics effectively are indicated 
in Table 2. 




TABLE 2 




ASPECTS OF MODEL BUILDING COMPETENCIES 
DESIRABLE FOR MATHEMATICS TEACHERS 



Concerning Construction of the Model 

• Illustrate the role of simplifying assumptions. 

• Illustrate the role of accuracy requirements. 

• Illustrate the role of computational resources. 

• Illustrate the role of resources of mathematical 

knowledge. 

♦ 

Illustrate the role of resources of knowledge in the 
field of application; in particular, the place of basic 
laws such as conservation laws and minimum prin- 
ciples. 

• Demonstrate the logic of the model building pro- 
cess; in particular that a model can be put together 
by rough and ready methods (ad hoc assumptions, 
guess work, etc.) and that only in testing its validity 
do careful mathematical procedures need to be 
followed. 

• Illustrate the trade-off between the realism of a 
model and its manageability. 

• Discuss modifications of simple models to make 
them more realistic or more general. 

• Discuss continuous versus discrete models of the 
same phenomena. 

• Discuss deterministic versus probabilistic models. 

Concerning Testing of the Model 

• Show how models are tested by drawing inferences 
about the situation that was modeled to compare 
with actual observations. 

• Illustrate how a model often yields important infor- 
mation about the phenomenon that would other- 
wise be difficult or impossible to obtain. 

• Show how a model can often be used to predict 
phenomena other than those it was explicity built 
to explain. 

• Discuss the role of existence and uniqueness theo- 
rems in testing models. 
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Several illustrations of t! le kinds of competencies outlined 
in Table 2 are given in Appendix C. 

Suitable materials for studying model building are 
scattered in various texts. In particular, some texts on 
"finite mathematics" and some calculus texts include 
good examples. There are excellent examples at the ele- 
mentary level to be found in the textbook, Manmade 
World/' of the Engineering Concepts Curriculum Project 
(ECCP) and at an intermediate level in Applications of 
Undergraduate Mathematics in Engineering . 18 A limited 
edition of a collection, Applications of Mathematics for 
Secondary School Teachers,™ is highly appropriate. 




Q 

j 

vy • 



31 




'c 




GUIDELINE IX 

The teacher education program should provide the 
prospective science or mathematics teacher with expe- 
riences which require him to seek out and study con- 
cepts which are new to him , and then to synthesize 
written and especially oral expositions of them designed 
tor others for whom these ideas are also new . 



"All education worthy 
of the name enhances 
the individual."^ John 
W. Gardner 



Reading and talking science or mathematics are special 
skills which receive too little attention in undergraduate 
programs. Continuing substantial experience in "two-way" 
communication of scientific or mathematical ideas should 
be planned jointly by the faculties of teacher education 
institutions, secondary school personnel and future teach- 
ers. These experiences in reading, synthesizing, present- 
ing, listening, and discussing with listeners can be planned 
as a part of the program — especially as a part of the study 
of the history and foundations of science or mathematics. 
In addition, they can be carried on through seminars, 
honors programs requiring oral and written reports, and 
club activities. These devices teach communication skills 
implicitly while also teaching science or mathematics. 
While traditional methods courses may include some ac- 
tivities of this type through search and analysis of the 
literature pertaining to the curriculum and pedagogy, 
the entire responsibility for training in scientific or mathe- 
matical communication should be left neither to methods 
courses nor to chance. 

Examples of experiences in communication are listed 
below. The prospective science or mathematics teachers 
should prepare and present to an audience: 



1. The solution of a problem such as those that ap- 
pear in professional journals or books of contest 
problems. 

Mathematics Science 



American Mathematical 
Monthly 

School Science and 
Mathematics 



Scientific American 
The Physics Teacher 
New Scientist 
The Biology Teacher 
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2. An exposition of a concept or a topic which is not 
a part of the usual secondary school or under- 
graduate curriculum. 

Mathematics 

continued fractions 
curves of constant breadth 
congruences 
Gaussian integers 
(See New Mathematics 
Library enrichment 
booklets; NCTM28th 
Yearbook) 

3. A description and analysis of an application from 
a scientific discipline, showing the source of the 
problem, explaining its importance, describing the 
construction of a model, and detailing the processes 
of solution and interpretation. 

4. A discussion of the historical development of a 
major theme, giving some idea of prerequisite con- 
cepts, the problems and motives leading to its 
development and the theories and applications 
flowing from it. 

Mathematics Science 



Science 

strange particles 
superconductivity 
weather control 
ratio astronomy 
genetic engineering 
fusion power 
induced mutations 



irrational numbers 
complex numbers 
concept of a function 
mapping 
transformation 



atomic theory 
kinetic theory 
heredity and natural 
selection 
relativity 
quantum physics 
physical optics 
microbes and cells 
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GUIDELINE X 


dmBb LEARNING 

^CONDITIONS i 
J 


Teacher education programs should provide experiences 
that will enable the prospective teacher to learn about 
the nature of learning , conditions that help young people 
learn , and how to maintain a proper learning envi- 
ronment . 


"The human skills, 
appreciations, and 
reasonings in all of 
their great variety, as 
well as human hopes, 
aspirations, attitudes, 
and values, are gen- 
erally recognized to 
depend for their 
development largely 
on events called 
learning." 21 Robert 
M. Gagnd 


The most important challenge for the teacher is to facilitate 
learning. Even the best qualified teacher candidates have 
much to learn about learning, as do all practicing teachers, 
and indeed as do all who write guidelines for teacher 
preparation programs. Although much is known about 
learning and the learning environment, much more needs 
to be known; and it is fortunate for education that research 
in learning is currently one of the most active fields of 
scientific study. 

Teachers need to be familiar with what research says 
about learning. They need to observe many different 
learning situations and to put into practice what they have 
learned about learning by working with individuals, with 
small groups, and with large classes of young people. They 
should have experiences with classroom situations com- 
monly found in American schools, and with innovative 
learning environments about which so much is now 
written in educational journals and the public press. 
Teacher education programs should also provide experi- 
ences in which the prospective teacher associates with 
students in both school and community activities, so that 
he will learn more about young people and how they learn, 
outside as well as inside the classroom. 

Secondary school teachers of. science and mathematics 
should be able to: 


"(These] difficulties 

in identifying the 
content of learning 
would be avoided if 
care were taken to 
put the emphasis 
where it belongs, 
which is on the attain- 
ment of learners." 22 
Robert M. Gagnd 


1. Describe the nature of the physical, emotional, 
and intellectual development of secondary school 
students. 

2. Exchange ideas about adolescent development 
with peers, professors, and with those in the 
community who are interested in the schools. 

3. Describe the behavior of secondary school stu- 
dents, both as individuals and as members of 
group. 
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4. Report what research says about learning and 
demonstrate how the research can be applied in 
the teaching of science or mathematics. 

5. Analyze structure and processes in science 01 
mathematics and develop plans to accommodate 
individual learning styles of students to facilitate 
their understanding of structure and processes 
in science or mathematics. 

6. Plan teaching experiences so that the classroom 
becomes a laboratory — a relevant learning envi- 
ronment that fosters questioning and exploration 
and that develops in tha students the disposition 
arsd ability to use what they know to learn more. 
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GUIDELINE XI 




Teacher education programs should ^develop the ability 
of the future teacher tj select, adapt, evaluate and use 
strategies dnd materials for the teaching of science or 
mathematics so that teaching-learning situations for 
which he is responsible will be consistent with general 
knowledge about teaching and learning and will be 
appropriate both to the special needs of the learners and 
to the special characteristics of the science disciplines 
or the interdisciplinary problem . 



"Some of the major 
disasters of mankind 
have been produced 
by the narrowness of 
men with a good 
methodology .... To 
set limits to specula- 
tion is treason to 
the future."** Alfred 
North Whitehead 



It is important that teacher education programs provide 
the prospective teacher with opportunities to learn to use 
the special methods and techniques characteristic of sci- 
ence and mathematics education. The organization and 
supervision of student projects and research, equipment 
selection and maintenance, and the conduct of field work 
are examples of skills related to teaching science and math- 
ematics that the future teacher should be prepared to use. 

The prospective teacher needs to have an opportunity 
to study teaching and learning theory and classroom man- 
agement techniques as they relate specifically to the teach- 
ing of mathematics and science. Generalized consideration 
of such matters as guidance, testing and evaluation, 
psychology, social and philosophical foundations of educa- 
tion, and curriculum are valuable; but students should 
have experience with these concepts in the context of 
teaching mathematics, physics, chemistry, biology, earth 
science, or unified science. 

In his preservice preparation he should have many 
opportunities to observe good teacher models — teachers 
who are effective in stimulating and developing creative 
inquiry, careful investigative skills, and enthusiastic inter- 
est among students with different backgrounds, abilities, 
and goals. He should observe and discuss a variety of 
individual styles for planning and guiding laboratory expe- 
riences, leading discussions, lecturing, advising, and en- 
gaging students in tutorial instructional dialogues. 
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